Objective. To estimate the impact of infection-related never events (postoperative pneumonia, Clostridium difficile infection, infection with microorganisms resistant to penicillin, postoperative infections, and decubitus ulcers) following radical neck dissections for head and neck cancers. Study Design. The 2008 Nationwide Inpatient Sample was used to select hospitalizations with HNC that underwent radical neck dissections. Predictor variables were occurrence of never events and other patient-and hospital-level factors. Outcome variables were hospitalization charges and length of stay (LOS). Regression analyses were used to measure the association between predictors and outcomes. Results. Among 10,660 hospitalizations, prevalence of never events ranged from 0.2% to 5.0%. Mean hospitalization charge and LOS were $75,654 and 6.8 days, respectively. Never events were associated with 5.6-10.0 longer LOS and $49,153-$124,057 excess charges. Conclusion. Occurrence of never events was associated with at least 5.6 longer hospital days and $49,153 charge compared with hospitalizations without a never event.
The Institute of Medicine in its landmark report provided estimates of potentially preventable adverse events and medical errors in hospitalized patients and attributed close to 45,000 deaths annually in hospital settings to these events. 1 Several of these presumably avoidable adverse events have been identified as "never events," and the Center for Medicare Services (CMS) will no longer reimburse hospitals for the cost of managing these events. 2 Hence it would be important to determine the costs associated with the occurrence of these never events to anticipate their financial impact. While several of these never events (including wrong site surgery, accidentally leaving foreign bodies during surgery, and postoperative falls and hip fractures) can be correctly attributed to the deficiencies in process of care delivery at hospitals, there are several other designated never events (such as postoperative pneumonia, Clostridium difficile infection, infection with microorganisms resistant to penicillin, postoperative infections, and decubitus ulcers) which could occur due to the immunocompromised nature of the patient or any other patient level attribute rather than an obvious deficiency in the care process at the hospital. 1, 3, 4, 5 As previously reported, radical neck dissections were conducted in 10,660 hospitalizations with head and neck cancers (HNC) in the year 2008. 6 Mean age of each hospitalization was 61.6 years (standard error of mean [SEM] ¼ 0.3). Males constituted close to 69% of all hospitalizations. A majority (89.5%) of the radical neck dissection procedures were done on an elective basis. Private insurance plans were the major payer accounting for 45.2% of all hospitalizations followed by Medicare plans (40.2%). Whites comprised most (82.7%) of hospitalizations, whereas Blacks (5.7%), This work is a follow-up study to Allareddy Hispanics (6.2%), Asian/Pacific Islanders (2.7%), and others (2.3%) accounted for the rest. Unilateral radical neck dissection was conducted in 81% of hospitalizations while bilateral radical neck dissection was conducted in 15.6% of hospitalizations and the type of radical neck dissection was unspecified in 3.4% of hospitalizations. Metastatic cancer was found in 38% of hospitalizations. Teaching hospitals performed 78.3% of all procedures. The prevalence estimates of the 5 never events examined were 5.0% for postoperative pneumonia, 0.3% for C. difficile infection, 0.2% for infection with microorganisms resistant to penicillin, 1.6% for postoperative infections, and 1.4% for decubitus ulcers. 6 The objective of the current study is to quantify the effect of occurrence of 5 never events (including postoperative pneumonia, C. difficile infection, infection with microorganisms resistant to penicillin, postoperative infections, and decubitus ulcers) on 2 outcomes of interest (length of stay [LOS] in hospital and hospitalization charges). We hypothesize that each of these 5 never events is associated with a prolonged LOS in hospital and excess hospitalization charges. The specific aims of this project were to: 1) estimate LOS and hospital charges for subjects admitted for radical neck dissections 2) estimate prevalence (frequencies) of the 5 never events, 3) develop a multivariable regression model to identify factors associated with excess LOS and hospitalization charges, and 4) compare LOS and hospital charges for subjects who experienced 1 or more of the 5 never events to those who had no never events.
MATERIALS AND METHODS Study design
This study is a cross-sectional analysis of a sample derived from the Nationwide Inpatient Sample (NIS) for the year 2008. The NIS database is sponsored by the Agency for Healthcare Research and Quality (AHRQ) and is a component dataset of the Healthcare Cost and Utilization Project. 6, 7 The NIS database for the year 2008 provides hospitalization data on close to 38 million weighted hospitalization visits in the United States. The NIS is nationally representative of all hospitalizations occurring in the United States. For the current study, all hospitalizations with a diagnosis of HNC that underwent radical neck dissections (bilateral, unilateral, and unspecified radical neck dissection procedures) were selected for analysis.
Data user agreement with AHRQ
The current study is a retrospective analysis of the largest publically available hospital-based database in the United States. One of the authors (V.A.) completed a data user agreement with AHRQ prior to conducting the study. As part of the data user agreement, any individual cell counts less than or equal to a sample size of 10 cannot be presented so as to preserve patient confidentiality. As per this agreement, such small estimates are not presented.
Study variables
Predictor. The primary independent variables of interest were the occurrence of each of the 5 never events: postoperative pneumonia, C. difficile infection, infection with microorganisms resistant to penicillin, postoperative infections, and decubitus ulcers.
Outcomes. The main outcome variables of interest in the current study include hospitalization charges (in year 2008 in dollars [$]) and duration of stay in hospital (in days).
Other variables. The other variables of interest included socio-demographic characteristics (age, gender, race/ethnicity), type of admission (elective or emergency/urgent), insurance status (Medicare, Medicaid, private insurance, uninsured, and other insurance plans), type of radical neck dissection (unilateral, bilateral, and unspecified), and the presence of comorbid conditions based on the NIS disease severity measurement files for risk adjustment. Hospital-related factors (geographic region and hospital teaching status) were also examined.
Data analyses
The associations between the outcome variables and independent variables were examined by bivariate and multivariable linear regression analyses. Two separate multivariable models were used for the 2 outcomes, hospital charges and LOS. Since the hospital charge and LOS were highly skewed and not normally distributed, they were log transformed. The log transformed hospital charges and LOS data were used as outcome variables in the 2 multivariable linear regression models. In order to obtain charges in dollars and LOS in days, the estimates obtained from the regression models were exponentiated, and change in hospital charges and LOS from the mean values were computed. In both the regression models, the confounding effects of patient and hospital level factors were simultaneously controlled. Each hospitalization was the unit of analysis. The NIS hospital stratum was used as the stratification unit. Since each hospital could be treating several cases, there is a possibility of introducing biases attributed to the effects of clustering of outcomes within hospitals. In the current study, the effects of clustering of outcomes within hospitals were adjusted in both the regression models. All statistical tests were 2-sided and a P value of <.05 was set a priori to be deemed statistically significant. All statistical analyses were performed using SAS version 
RESULTS
The results of bivariate linear regression analysis examining the independent association between each of the independent variables (both patient-and hospitallevel characteristics) and LOS (outcome) are summarized in Table I . The mean LOS in hospital was 6.8 days (SEM ¼ 0.3). The total hospitalization days in the entire United States was 72,019 days. Substantial increase in the LOS was observed in the hospitalizations where the 5 never events occurred, ranging from 15.3 days (decubitus ulcers) to 23.5 days (C. difficile) longer than the mean LOS (P < .0001). Smaller but significantly longer LOSs occurred in hospitalizations covered by Medicare (1.2 more days, P ¼ .0003), Medicaid (3.3 more days, P < .0001), and other insurance (3.4 more days, P ¼ .003) compared with those paid by private insurance. Blacks (2.9 excess days, P ¼ .0001) and Hispanics (1.9 more days, P ¼ .007) had longer LOS compared with Whites. Bilateral radical neck dissection had 5.7 longer days (P < .0001) compared with unilateral neck dissection. The presence of the following comorbid conditions also led to significantly longer LOSs compared with those without the respective comorbid conditions: alcohol abuse (6.4 more days, P < .0001), deficiency anemias (7.1 more days, P < .0001), chronic blood loss anemia (11.8 more days, P < .0001), congestive heart failure (2.8 more days, P ¼ .02), chronic pulmonary disease (2.3 more days, P < .0001), coagulopathy (10.8 more days, P < .0001), drug abuse (5.2 more days, P ¼ .0008), hypertension (1.1 more days, P ¼ .006), liver disease (3.7 more days, P ¼ .003), fluid and electrolyte disorders (10.8 more days, P < .0001), metastatic cancer (1.4 more days, P < .0001), neurological disorders (3.3 more days, P ¼ .002), paralysis (10.7 more days, P ¼ .004), pulmonary circulation disorders (11.8 more days, P < .0001), renal failure (3.5 more days, P ¼ .0001), valvular disease (1.8 more days, P ¼ .02), and weight loss (11.3 more days, P < .0001). Hospitalizations in the midwest region had 1.6 fewer days (P ¼ .04) compared with those in the West region. Teaching hospitals were associated with 4.1 more days (P < .0001) compared with nonteaching hospitals. The results of bivariate linear regression analysis examining the independent association between each of the independent variables (both patient-and hospitallevel characteristics) and hospital charges (outcome) are summarized in Table II . The mean hospitalization charge per each hospitalization was $75,654 (SEM ¼ 8386). The total hospitalization charges in the entire United States were $786.6 million. The occurrence of each of the 5 never events were associated with significantly more charge from the mean, the lowest with decubitus ulcers ($145,171 more charge, P < .0001) to the highest with infection with microorganisms resistant to penicillin ($244,906 more charge, P ¼ .001). Hospitalizations covered by Medicaid were charged $22,847 in more compared with those paid by private insurances (P ¼ .005). Bilateral radical neck dissections were charged $56,381 more compared with unilateral radical neck dissections. The presence of some comorbid conditions had higher hospital charges compared with those who did not have the respective comorbid conditions: alcohol abuse ($54,182, P < .0001), deficiency anemias ($55,565, P < .0001), chronic blood loss anemia ($91,609, P ¼ .0006), congestive heart failure ($17,604, P ¼ .003), coagulopathy ($121,872, Table III . Four out of the 5 never events were associated with a statistically significant longer duration of stay in hospital after controlling for all other patient and hospital level confounding factors. Hospitalizations with postoperative pneumonia had a 9.1 days more duration than the mean LOS (P < .0001), while those with C. difficile infection had 7.0 more days than the mean (P ¼ .03), those with postoperative infections had 10.0 more days than the mean (P < .0001), and those with decubitus ulcers had 5.6 more days than the mean (P ¼ .0001). Hospitalizations covered by Medicaid (1.2 days more, P ¼ .01) and other insurance plans (1.9 days more, P ¼ .03) were also associated with more LOS compared with those covered by private insurance plans. Black (1.7 days more, P ¼ .002) and Hispanic patients (1.4 days more, P ¼ .03) were associated with more LOS compared with Whites. Bilateral radical neck dissection was associated with 3.3 days more LOS compared with unilateral radical neck dissection (P < .0001). Co-morbid conditions including alcohol abuse (1.8 days more, P < .0001), deficiency anemias (3.3 days more, P < .0001), chronic pulmonary disease (0.8 days more, P ¼ .01), fluid and electrolyte disorders (4.2 days more, P < .0001), metastatic cancer (1.0 day more, P < .0001), neurological disorders (1.4 days more, P ¼ .02), paralysis (5.7 days more, P ¼ .03), pulmonary circulation disorders (3.6 days more, P ¼ .03), and weight loss (4.4 days more, P < .0001) were associated with more LOSs compared with those without the respective comorbid conditions. Procedures conducted in hospitals located in the northeast (1.5 days less, P ¼ .04), midwest (1.4 days less, P ¼ .02), and southern (1.3 days less, P ¼ .04) geographic regions were associated with shorter LOSs in hospitals compared with those in the western regions.
The results of the multivariable linear regression analysis examining the association between patient-and hospital-level confounding factors and hospital charges are summarized in Table IV . Four of the 5 never events examined where associated with more hospitalization charges than the mean. Hospitalizations that had postoperative pneumonia were associated with $124,057 more charges (P < .0001), infection with microorganisms resistant to penicillin had $98,854 more charges (P ¼ .02), postoperative infections had $77,826 more charges (P < .0001), and decubitus ulcers had $49,153 more charges (P ¼ .0003). Females were associated with $6,836 lesser hospitalization charges compared with males (P ¼ .002). Hospitalizations covered by other insurance plans were associated with $18,985 more charges compared with those covered by private insurance plans (P ¼ .03). Bilateral radical neck dissections were associated with $38,240 more hospitalizations charges compared with unilateral radical neck dissections (P < .0001). Comorbid conditions including alcohol abuse ($12,932 more, P ¼ .003), deficiency anemias ($28,583 more, P < .0001), rheumatoid arthritis/collage vascular diseases ($20,502 more, P ¼ .02), liver disease ($21,371 more, P ¼ .02), fluid and electrolyte disorders ($31,543 more, P < .0001), metastatic cancer ($8,797 more, P ¼ .004), paralysis ($59,453 more, P ¼ .049), pulmonary circulation disorders ($55,251 more, P < .0001), and weight loss ($42,321 more, P < .0001) were associated with more hospitalization charges compared with those without the respective comorbid conditions. Hospitalizations occurring in the midwest ($32,660 less, P ¼ .0009) and southern ($32,883 less, P ¼ .0006) geographic regions were associated with lesser hospitalization charges than those occurring in the western regions of the United States. Teaching hospitals were associated with $35,162 more charges than the nonteaching hospitals (P < .0001).
DISCUSSION
The current study examines the impact of occurrence of CMS-defined never events on hospitalization charges and LOS in patients undergoing radical neck dissections for HNC. We hypothesized that the occurrence of a never event would be associated with increased LOS in hospital and hospitalization charges. We confirmed our hypotheses as evidenced by the fact that the occurrence of a never event was associated with a prolonged LOS (ranging from 5.6 days for decubitus ulcers to 10.0 days for postoperative infections) and more hospitalization charges (ranging from $49,153 for decubitus ulcers to $124,057 postoperative pneumonia) after the adjustment of potential patient-and hospitallevel confounding factors.
Among the different never events, postoperative pneumonia was associated with the highest increase from mean hospitalization charges. Patients that had postoperative pneumonia were associated with $124,057 more charges over the mean. Postoperative pneumonia was also associated with 9.1 days longer LOS in hospital over the mean stay. Among the different never events, postoperative pneumonia occurred most frequently (present in 5% of all hospitalizations). As clearly shown in this study, postoperative pneumonia has a significant impact on the utilization of health care resources. Minimizing the occurrence of this event could save several millions of dollars annually in the United States.
The current study findings are consistent with those from previous studies examining outcomes (including costs and LOS in hospital) associated with nosocomial infections in hospitalized patients seeking care for a wide range of medical ailments and surgical procedures across several countries. 9, 10, 11, 12, 13, 14 Among155,266 patients undergoing major noncardiac surgery examined, 1.5% developed postoperative pneumonia with a 30-day postoperative mortality rate of 21%. 15 Lola et al. also found pneumonia to be the third highest complication, occurring in 2.3% of patients who underwent cardiac surgery, followed by the 2 surgery-related complications: superficial wound infection at the surgical site and central venous catheter infection. 16 Lagoe et al. reported that patients hospitalized for urinary tract infections that developed pneumonia stayed 13.0-16.3 days (232%-281%) longer on average than those who did not, producing 2626-3456 additional patient days. 17 The additional utilization for the complications was substantial: $2-3 million for a 3-month period. The findings from the current and previous studies clearly demonstrate that substantial amount of health care resources are utilized in treating infectious related never events in patients hospitalized for surgical procedures. Quality improvement initiatives and identifying best practice patterns that would enable to minimize or eliminate the occurrence of never events could serve in saving costs to hospital, providers, and patients.
Although never events may not be completely avoidable, efforts to reduce their incidence continue. Price et al. studied the impact of a hospital-wide initiative to control C. difficile infection. 18 Two measures implemented simultaneously were isolation of C. difficile patients in a cohort ward and an antibiotic policy restricting the use of cephalosporins and quinolones, which are the most important modifiable risk factors. The primary outcomes examined were change in use of targeted antibiotics and reduction in C. difficile cases during the 15-month intervention period compared with the 12 months prior to the intervention. The use of cephalosporins and quinolones was significantly reduced (22.0% and 38.7%, respectively) whereas the use of alternative antibiotics increased after the intervention. The rate of C. difficile infection decreased from 1.30 cases per 1000 bed days in the pre-intervention period to 0.69 cases per 1000 bed stays in the postintervention period. After the implementation of the initiative, the number of cases dropped 8% per month compared to 3% per month decrease prior to the intervention. Power and coworkers showed a sustained reduction of C. difficile infection by restrictive use of antimicrobials as well as other infection control measures such as rapid response cleaning team, deep clean program, and reinforcement of hand hygiene and uniform protocols. 19 Wards participating in a collaborative model, where teams worked together to deliver improvement, showed 73% reduction in the number of C. difficile cases (2.60-0.69 cases per 1000 bed days) over a 9-month period, compared to 56% reduction in wards that adopted the antibiotic policy alone.
Front-line providers (e.g., surgeons, nurses, and operating room technicians) participating in a comprehensive unit-based safety program involving multidisciplinary team have shown to deliver care with decreased rate of catheter-related bloodstream infection in the intensive care unit 20 and surgical site infection postcolorectal surgery. 21 Another study has suggested that well-organized infection control program including admission screening as well as appropriate isolation and infection control practices can prevent infection with multidrug-resistant organisms. 22 Similarly, a systems-based, collaborative, and multidisciplinary infection-control approach that reinforces general hygiene practices, standard precautions, transmissionbased precautions, and other pertinent practice guidelines, may be implemented to reduce the incidence of infection-related never events in patients undergoing radical neck dissection for HNC.
The current study findings have far reaching policy implications. CMS has defined postoperative pneumonia to be a never event and will not reimburse hospitals should this event occur. It is possible that private health insurance carriers will follow suit. It is apparent from the current study, that occurrence of postoperative pneumonia is associated with a substantial costs to the hospitals. Failure to reimburse could have a significant financial impact on hospitals. Also, hospitals would not want to treat cohorts of patients that are deemed to be high risk for developing postoperative pneumonia or other CMS designated never events. Such a sequence of events could severely undermine the health care system wherein certain cohorts would have poor access to health care. The current study is a retrospective analysis of the largest nationally representative in-patient admission dataset in the United States. Considering that this is a retrospective study, the findings should be interpreted keeping the inherent limitations of the study design and availability of data elements in the dataset. [23] [24] [25] Limitations of the dataset include the lack of availability of important confounding factors like functional status of patient, severity of existing comorbid conditions, use of medications during hospitalization, and intensity of procedures performed during hospitalization that could have a substantial impact on not only financial outcomes but also clinical outcomes. Also, the postdischarge costs are not captured in the dataset. Consequently, the estimates of direct costs that are presented in the current study could be underestimates of the true financial impact of never events. Large hospital discharge secondary datasets that are drawn from samples of hospitals across the country are subject to ICD-9-CM coding inconsistencies and this could bias the current study findings. Limitations of the current study design arise from the retrospective nature of the analytical approach. While the study identified a statistically significant association between occurrence of never events and outcomes including hospitalization charges and LOS, the actual cause and effect relationship cannot be conclusively established.
CONCLUSION
The current study quantifies impact of CMS-defined infection-related never events in patients with HNC that underwent radical neck dissections in hospitals. Among the different events, postoperative pneumonia was the most frequently occurring event and was associated with a significant increase in LOS in hospital and a substantial increase in hospitalization charges. These 5 infection-related never events can be preventable by improving processes of care, such as implementing strict hand hygiene, standardized central line protocols, and other measures. Failure to implement these preventable methods places an excess burden of morbidity on patients and a greater burden on the costs of delivering health care.
